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ABSTRACT 


A computer model which simulates the pxrccessing of requisi- 


bee 


[memes fOr Standard stock materiai at N&C San Diego is construct- 


ed The model is designed to enab-: © 3 S&nm Diego to determine 
those work stations which are botiic “: and to view the 
effects of changes in total throusghpu. ~.me caused by changes 


in manpower resources and administrative procedures. Output 
from the computer simulation modei incliuces an analysis of 
throughput time by issue priority groun, and summary data on 
work center utilizations and delav times. Total throughput 

time is compared to Uniform Materia! Movement and Issue Priority 
System time standards. The automated materials handling system 


seen to 


@ 


seems to achieve its goals; however large deiavs ar 
occur in the staging area where items await Local transportation. 
These delays are reflected mest critically in the statistics 

for the percentage of issue priority group two material shipped 
on time. Variations of the basic mocel were analyzed. The 
combination of a six day workweek and an increased locai deliv- 


ery schedule resuited in substantial improvement. 
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i eae ODUCT TON 


eae Re me ewe See ee ee 


The Commander, Navai Supply Command, issued in April, 
1968, a revised General Objective No. i: 


NAVSUP will provide optimum support in appropriate 
categceries of supplies and services, responsive to the 
requirements of the Navy (including project managers), 
other supported services and agencies, and allied nations 
under the international logistics programs. For general 
material, optimum support is that which maximizes requi- 
sitions satisfied within the time frame required by the 
requisitioner. For technical material, optimum support 
is that which minimizes downtime of weapons systems due 
to lack of repair parts and components. 


In order to minimize downtime in a terminology common 
throughout the Navy, the Chief of Naval Operations and the 
various Systems Commanders have decided upon operational 


availability (A,) as the primary measure of readiness. 


Ay = OPERATION AVAILABILITY 
UPTIME 
a TOTAL TIME 
= Mis 
MTBE + MRT + MADT + MSRT 
where: 

MTBF = Mean Time Between Failure 
MRT = Mean Active Repair Time 
MADT = Mean Administrative Delay Time 
MSRT = Mean Supply Response Time 


The MSRT is the area of responsibility for the Naval 
Supply Svstems Command. The implementation of GO #1 has to 
be achieved in conjunction with GO #2 which states: 


NAVSUP will give priority attention in planning and 
management to the effect of its actions on the ena purpose- 
the support of combat and strategic deterrent operations- 
M@emesub ject to this overriding objective, will allocate 
and expend available resources in a manner to optimize 
cost effectiveness. 





SiesosUppty Syoctem has the responsibility of minimizine 
the time a user has to wait for his needed material. In 
this manner, time saved is a measure of the worth of the 
supply system. Prichard and Busseli [Reference 1] enjoined 
all managers and supervisors to try to measure the worth of 
supply system functions and stressed the importance of seeing 
the "link" between the projects and functions that are per- 
formed and the reduced response time calied for by General 
Objective #1. 

The Naval Supply Center, San Diego, is tasked with pro- 
viding supply and support services to assigned Fleet units 
and shore activities in the southern lJ1ith Naval District. 

NSC San Diego provides logistic support to 118 snips home- 
ported there, the largest number of home-portec ships at any 
stock point in the supply system. Two hundred and sixty-nine 


shore activities, 57 of which are Navy, receive supply, ac- 


}+ 
a 
) 
40) 
jf 
ct 


counting and computer services from NSC San Diego $3 
is the only governmental suppiy activity in the area. The 
nearest DSA activity is 600 miles away. The main cperating 
areas comprising NSC San Diego are the Broadway Compound in 
downtown San Diego; the National City Annex located at the 
Naval Station five miles south of the Compound; and the 
Point Loma Annex across San Diego Bay. 

This report presents the results of a computer simulation 
of the processing at NSC San Diego, of customer requests, 
both point of entry and autodin referred transactions, for 


memerval that 1S available at the Center. To move in the 





direction of Generai Objective #1, MSC San Diego is concerned 
with minimizing throughput time per customer request subject 
to the resources available. The simulation provides a method 
to measure throughput time for each of the issue priority 
groups of requests for material available, to observe and 
measure the delays incurred by a transaction at each step of 
the throughput process, to determine utilization rates for 
each processing work station, and to evaluate the change in 
throughput time that can result by varying such input para- 
meters to the model as management policies, customer demand 


characteristics, and resources available at the Supply Center. 





It, THE MODEL 


Poo YOoleEM TO BE MODELED 

Naval Supply Center, San Diego, receives over 100,060 
requests monthly, most of which have to be processed for im- 
mediate issue peor the Center. Presentiy, NSC San Diego 
issues 75,000 items monthly on its $120,000,000 inventory 
investment in 125,000 line items. The twelve Servemarts at 
the Center issue another 120,000 items monthly with a 32,500 
line item inventory of $1 million. 

This output portion of the system is the responsibility 
of the Material Department, which oversees the physical han- 
dling of the material through delivery to the customer. Both 
the Broadway Compound and the National City Annex operations 
issue, pack, and ship or deliver material. The Broadway Com- 
pound concentrates its efforts on binned items, such as re- 
Sistors, tubes, nuts and bolts; fresh and frozen provisions; 
and some bulk materials. The heart of the operation is the 
automated Pecan: handling system which automatically trans- 
ports an issued item to a packing line. A lotting report, 
output from the computer, translates requisitions into issue 
documents, arranges them to conform to the storage pattern in 
the warehouse and prints the packing line designation on the 
issue document as well. ; 

These computer printed picking tickets are then deliverea 


in batches to the warehousemen for making issues on the 





available material. The material is placed in a tote pan 
which has signal settings on its side; the settings are read 


by "electric eyes" which route the pan along a conveyor sys- 
tem running through the warehouse to the packing buiiding. 
Thus, a routine requisition from an afloat customer who is 
out of the area may be filled and routed to the parcel post 
pack line and mailed. Other lines can receive material~-laden 
tote pans for local delivery, special packing or other cus- 
tomer requirements. 

Maevonal City Annex efforts are devoted to bulk item 
movement ranging from dry provisions to boats. 

Delivery centers are operated at both National City and 
Broadway to get material to local customers. To ensure max- 
imum utilization of resources, a central transportation dis- 
patcher utilizes a specialized computer-generated tool to 
direct deliveries. The tool is the Vehicle Scheduling Program 
(VSP), which determines the optimal use of available trans~ 
portation assets for required Geliveries every day. 

Shipping arene accommodate transhipments, as well 
as meeting overseas customer demands filled at the Center. 
Shipments in FY 1972 totaled 250,000 measurement tons. 


A block diagram of this system is shown in Appendix A. 


B. THE SIMULATION MODEL 
The computer program was written in the General Purpose 
Simulation System/360 language. The simulation utilizes the 


real system's input parameters, and, therefore, requires a 


Bn 





relativeiy large magnitude of bytes (about 260K) of basic 

core allocation. This is primarily necessary to allow for 

the large input of transactions and for the GPSS parameter 
assignments that were programmed with these transactions. 
Although the program can be considered fairly efficient in 
GPSS terms, the computer central processing unit (CPU) running 
time is about 4 minutes for each month of real time simulated 
in time steps of 0.01 hours. The length of time required to 
reach steady state and the resulting conditions are discussed 
maxechapter IV. 

For the convenience of NSC San Diego, the simulation 
program has an input section at the beginning to facilitate 
testing various system parameters. The inputs consist of the 
following: 

een vemace Total Monthly Requests for Standard Stock 

(MRSS) . A low limit of 63,000 is imposed in the 
model due to the large variance on the distribution 
of a typical daily input. This prevents a negative 
demand from ever occurring in the model. 

y 2. Requisition PEScesSing wtimies for each work station 
shown Pie oPcicCt A LeSeC <imes are entered as 
thousandths of an hour per transaction, and, with one 
exception, these data were obtained from the appropriate 
Defense Integrated Management Engineering Systems 
(DIMES) methods engineering maintenance studies for 
each work station. The single exception was the time 


LOucwuL amtnanscadettonein customer senvyices which was 


10 





not included in the DIMES standards. Therefsre 

this time was obtained by observing current procedures 
and daily backlogs in editince. 

Rie emnbe One personnemeassigned ~O cack werk station. 
Since the basic mcodei is ecsentially a one shift op- 
eration, the night shift worke> in customer services 
was added to the day shift resources in customer 
services editing. 

The quantity of autodin input (AUTOTI). 

Gross Material Availability (GROSS). 

Pie we Voianim~ee: pPrepunched DD21348 imput (PREP). 
Bicecuanticy of 
Local delivery capability (DRIVE) as the number of 


mh 


demand exceptions (DEEX). 


truck drivers available to deliver the staged material 
to the 9 delivery zones. This represents a line item 
delivery capability of 4300 line items per workday and 
is based upon current iocal transportation operating 
BEeceures® 

Assignment of PES OCetelomrOetero 1s 2acCOMmblished Dy 
Broo pauneieson GENE Z os ihe Lot number indicates the 
GPSS picking priority in the warehouse and is consis- 
Eenueurth actual picking priorities, The percentage 
of total monthly input assigned to each lot number is 
in agreement with the issue priority group percentages 
computed from Reference 5. The "other" category shown 


with this input variable consists of the percentage 


of cold storage requests in the total input. 


ml 





meee lie Gistribution of local customer material among 


eS a 


VJ the 


function STAFi and is based on an NSC San Diego trans- 


moc ivemmecenes. Ihis 15 accomplished by 





portation study of December 1971. 

Additional information on these inputs is included in 
Appendix B. 

The master clock section controls the processing of trans- 
actions by ensuring that work starts each weekday morning at 
0730 hours and stops for lunch hours, for overnights at the 
end of the daily shift, and for weekends. A work stopage of 
two days 1S programmed every other week at the data proc- 
essing puncn facility. This is necessary due to the accu- 
mulation of punching backlogs from sources (e.g., payroll, 
financial, and other biweekly reports) other than customer 
issue group three requests. 

Generation of customer requisitions is accomplished 
daily for an assumed 21 workdays each month. The distribution 
of each separate weekday's input is assumed uniform over the 
normal workday. The variance of input for each day of the 
week, Moncay through Friday, was computed from Reference 5. 
The transactions are assigned a picking code, a packing code, 
and a lot number upon being generated to facilitate program- 
ming but without detracting from the validity of the simu- 
lation. Normally these assignments are made later by the 
computer during the lotting period each night. The trans- 
actions are then separated into point of entry and autodin 


requests. The processing of point of entry requests begins 


de 





in customer services editing, while autodin requests ao to 
editing if they are issue priority qroup one (IPG1} or to 
data processing (CPU) if IPG2 or IPG3. 

A messenger system is created in the simulation to pro- 
vide for intra-departmental transportation of requisitions 
in accordance with standard operating procedures at NSC San 
Diego. Presently a messenger run occurs at two hour inter- 
Mmabs during normal working hours. The printed picking 
tickets are also simulated being delivered to both the 
National City and Broadway picking areas at 0730 each work- 
day morning. 

Customer services editing is the first processing station 
for all input except autodin IPG2 and IPG3 transactions. The 
backlog accumulates in the editing queue from which reaui- 
Sitions are processed in order of issue priority group. After 
editing, the requisitions for cold stcrage items are termi- 
nated since they are the only standard stock items not simu- 
lated further in the model. The IPG!i and walkthrough requests 
are keypunched here if not already prepunched by the customer, 
and then they are directly input to the computer CPU by one 
of the two remote terminals in customer services. 

The walkthrough requests for material in stock are sent 
directly to picking at either National City or Broadway as 
appropriate. The available IPGl material requests are delayed 
in going over to the picking area in order to simulate their 
being carried by messenger. IPG1l requests are modeled as if 


they were processed over three 8 hour shifts daily vice 


1E8 





one shift. This is consistent with existing procedures for 
mae Nnandling of hign priority requisitions. 

Any IPG2 requests not prepunched are keypunched and 
verified in customer services before the messenger takes 
them to data processing fcr holding until they are input to 
the CPU with the IPG3 requests. All IPG3 requests not pre- 
punched are delivered by messenger from editing to data 
processing for keypunching. 

In the Central Processing Unit only that percentage 
determined by the gross availability is lotted at midnight 
by the computer. A separate program at San Diego designates 
those ships that are to receive special processing as HOTSHIPS 
once the picking tickets have been printed. These ships are 
so designated by the Fleet Commander as a result of current 
Operational commitments. The HOTSHIPS are lotted separately 
and are processed before the IPG2 and IPG3 lots. 

NSC San Diego has a separate lotting program that sorts 
the material requests according to the number of line items 
per customer within each priority group. The maximum size 
of a iot is dictated by the number of customers, starting 
with the largest customer, that can be in a lot before the 
packing line capacity is reached. A second lot and possibly 
a third lot may be required to accommodate all the IPG3 
Bequests for a day. The actual lotting procedure has not 
been simulated in the model. Instead, the IPG3 requests 
have been allotted to three lots daily. This procedure is 


assumed accurate in the simulation since the picked material 
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Meestill waiting in lots to be sent over to packing via «he 
automated materials handling system conveyer as soon as the 
packing lines are ready to receive the materiai. Thus, three 
IPG3 lots each day instead of only one, two, cr three iots 
would tend to reduce overall average throughput time since 
there would be less large lots to finish in picking and 
packing before starting a new IPG2 lot waiting to be picked. 

At 0730 on the next workday the computer printed picking 
tickets are taken to the appropriate floor at the Broadway 
Compound or transported to National City. The availability 
percentage is assumed to be constant over each issue priority 
group. A percentage of the input to the centrai processing 
unit is routed back each morning to customer services for 
reprocessing as simulated demand excertions and warencuse 
refusals. 

When picking tickets reach the storage areas, the items 
are again placed in a queue from which they are picked accord- 
ing to the lot number assigned to that transacticn. The 
IPG1's are picked before the walkthroughs, and both are 
disruptive by nature in that they are both picked prior to 
any lotted IPG2 or IPG3 transactions. Lotted IPG2's are 
picked prior to lotted IPG3's, regardless of the lotting date. 
To make the model consistent with actual practice, the pro- 
gramming allows for a partially completed lot in picking at 
the end of one workday to be completed at the beginning of 
the next workday before starting a new lot. All walkthroughs 


are terminated from the model once they are picked for the 


Walting customer. 
15 





After being packed and marked, the items that have been 
packed parcel post and ali. <PGl's are terminated. This 
assumes all IPGIS go to shioping for further transfer to 
the customer by eitner air freight or commercial truck or 
Quicktrans. This is the actual handling for IPGls unless 
the customer iS in port, in which case the material is 
trucked locaily to him. The remaining items, non-parcel 
post IPG2 and IPG3, are all assumed to go to staging areas 
for local delivery by truck. This assumption is necessary 
due to insufficient information concerning shipped material. 

The simulaticn model assigns a delivery zone to each 
transaction as it goes from marking to the staging area. The 
Material is distributed among the 9 zones in accordance with 
the size and number of customers for each delivery zone. This 
is also the basis for the zone pricrity delivery schedule 
which resulted from a local transportation study conducted by 
NSC San Diego. This delivery system is followed in the model 
with one exception--the priorities of zones 3 and 9 on 
Tuesday and Friday were reversed. This was necessary in 
order to eliminate a buildup of material in zone 3 which 
in reality would never occur because it would be delivered 
as soon as observed by local managers. In effect, twelve 
drivers make two deliveries to each of 5 zones on each work- 
day. The zones receiving deliveries depend upon the day of 
the week, but deliveries are made to each zone at least two 


days each week. 
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C. OUTPUT FROM THE MODEL 

Several types of output measures are obtainable, and 
they should be viewed in total in order to grasp the effects 
of varying a parameter of the model. The frequency cistri- 
butions of queue delay time at each of the working stations 
together with the more important statistics are shown in the 
computer output. The production rate at each work station 
is defined as the number of transactions output per man-hour 
of effort available. The utilization rate is defined as the 
percent of time non-consumable resources are actually doing 
productive work. Prichard [Reference 2] warns against plac- 
ing too much importance on production rate aione. The easiest 
way to maximize production rate is to increase the utilization 
rate which can be increased by maintaining a larger backlog 
of requests at a given work station. However, if the 
Utilization rate approaches 100%, then the queue delay time 
is higher and so is the throughput time. Utilization rate 
in practice can never reach 100% due to such unavoicabie 
Gelays as official talking with a supervisor, fatigue, and 
training. Based on local purchasing data at NSC Newport, 
Ref. 2 emphasized that the sum of the active processing 
times accounted for only 1% of their purchasing cycle total 
throughput time. 

The computer program provides for computing the average 
utilization of each work station by taking a random sample 


over the normal eight hour workday. The standard GPSS output 
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of utilization was inadequate for our model because it con- 
sidered all non-productive offtime as time available for 
Mmeauctive work,and it considered a facility utilized during 
such non-productive time if a partially processed item was 
held there at the end of normai working hours. 

Before discussing throughnut time further, it is necessary 
to make clear its definition. Throughput time is the elapsed 
time required to complete the processing of a single trans- 
action. It is composec of the following four elements de- 
Beraped in Ref. 2: 

1. Active processing time - the time during which some- 
one (or some machine) 1s reading, writing, tran- 
Serpoinog, Keypunching, proofing, etc., a document or 
Pic ang packing, unodaccing, lifting, stowing, etc., 
Material. Again using DIMES terminology, it is the 
sum of the engineered time standards for all elements 
in the process. 

2. Off-time - the time material and documents are 
waiting Baaauee employees are not normally available 
to process them. This perioc encompasses evenings, 
weekends, and holidays. 

3. Active (or programmed) waiting time - this is the 
period during working hours when the document or 
material is intentionally unprocessed. Active wait- 
ing time encompasses batching at the end of an 
operation, movement to a new station, and queuing in 


iment roteene new station. 
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4. Passive (or unprogrammed) waiting time. This is the 
portion of total throughput time that cannot he 
accounted for by active processing time, active 
Waiting time or off-time. 

It is to be noted that the model developed simulates only 
the first three elements of throughput time. Passive waiting 
time can also be viewed as the factor that prevents a utili- 
zation from reaching 100% in a real work environment. ‘Thus, 
the measured average throughput time per transaction wili 
always be optimistic. 

Also, in this model, an increase in availability of 
Material at San Diego will not result in a decrease in through- 
put time unless resources are increased concurrently. This 
is due to simulating the complete processing of only those 
demands for which materiai is in stock rather than all the 
demands input which are eventually filled through other 
methods and/or other echelons of supply. 

“Throughput time" or issue processing time has been used 
by this study as the measure of the worth of the supply sys- 
fem at the Naval Supply Center, San Diego. 

Throughput time is defined in this study as the time 
elapsed from initial receipt of the material request by the 
Center to the material release time. Material is considered 
released when (1) the material is physically turned over to 
the freight terminal department, or (2) the material is 


physically turned over to the Postal Service, or (3) the 
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material is loaded on vehicies for local delivery/pickup. 
For purposes of this study, material »hysically positioned 
in a transit shed awaiting locai delivery was not considered 
released as this material is still under the cCirect control 
and influence of the Supply Center Commander - see OPNAVINST 
4614.1D, 22 June 1971, [Reference 8]. 

Pie simulation output vrovides = Supply Distribution and 
Miventory Control Report (4000) NAVSUD FORM i144 (Monthly) 
with the significant entries fillec in to illustrate what 
actually occurred in the simulation. This includes an issue 
procesSing analysis of the percentage shipped on time by 
Meority group for comparison with the Uniform Material Move- 
ment and Issue Priority System (UMMIPS) time standards. 

Also provided is an analysis section on throughput time. 
Under a given set of input conditions, this section provides: 

1. Average throughput time in days for all issue 
DpEi@raty groups combined and issue priority groups 
two and three separately. 

Ze The time 25 Gavyemtomissuc 95S5of all requests com- 
bined and separately for issue priority group two 
and pies: This assumes that the average throughput 
time for approximately 75,000 issues per month is 
normally distributed. 

3. The average number of requisitions in process at an 
aubateranyepoint in time. 

These are meaningful measures of effectiveness to observe 


when the objective function is to minimize throughput time 
subject to available resources. 
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ieee Cee TON OF tHE MODEL 


Although the resuits obtained from the simulation of 
operations appear reasonable to the authors and are consis- 
tent with past knowledge, a rigorous verification of the 
results has not been accomplished. Procedures for validating 
the simulation model have been determined and are included 
in this chapter. It is expected that validation tests will 
be performed at a later date by personnel at the Naval. Supplv 
Center, San Diego. 

As a minimum, it is recommended that the verification 
test period extend for one month. It is advisable to have 
the test coincide with the normal reporting period of the 
NAVSUP FORM 1144 and the DIMES monthly reports. These two 
reports are the primary data sources for input parameters to 
the simulation model. Appendix C lists the aaa requirements 
for inputs to the model during verification. 

A minimal verification can be conducted by verifving the 
model's frequency distribution of total throughput time (l.e., 
table "TIME" in the model's standard statistical output). A 
more complete verification would include the verification of 
the distribution of delay time for each work center (see 
Appendix D for a listing of work centers). 

The following verification procedure is suggested: 

@Seeestart tne VYeril&#tcationm on the first working dav of 


the month. 


ad 





(2) 


(3) 


(4) 


)) 


(6) 


(7) 


(8) 


Draw a random sample on each workday of approx- 
imately 35 requisitions for a period of cone month. 
This sample should be drawn at random for ail. 

sources of input (i.e., hand-delivered, AUTODIN, 
Notivemessage merc, ja 

Record the date and time thar each sample reavisition 
1s received by the supply center. 

Record the date and time that eacn sampie requisition 
leaves the supply center (1.¢., Geélivered to a local 
customer, released to the Ll. &. Postal Service, or 
released to transportation for a non-local delivery). 
HoOtmeasimore Complete VYOrIrication, Tecord the date 
and time each sample is released to the next work 
center. 

Collect all data suggested in Appendix C. These will 
be used as input parameters to the simulation model. 
Input the data from (5) into the model. Reset the 
model after a simuiated run of one month. kestart 
the model and run for a minimum of six repetitions 
of one simulated month. 

Tabulate sample throughput data into 15 classes 
PecrenrecmbadeGdavs, 8.2.0 days, ...- <£14,0 
days, 214.0 days). Construct a frequency distri- 
bution of these data. 

Using the Chi-Square Tet for Goodness of Fit, test 
the null hypothesis that the simulation model's 


distribution function of total throughput time is 
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the same as the sample distribution constructed in 
(7). A probability of a type I error of 0.1 would 
be a reasonable criteria for accepting or BeVvectang 
chewmul)] hyeothesis. 

(9) If the null hypothesis of (8) is accepted, the model 
is considered verified. If the null hypothesis is 


rejected, the model is considered invalid. 


el 7 sample of 35 requisitions per day will yield 700-800 
requisitions in the total sample. This sample size was 
selected to provide a 0.95 probability that the sample 
cumulative distribution Vourdebe within + 0205 unics of 
the population cumulative distribution. See Table A-21b 
feeOixon and Massey, Introduction to Statistical Analysis, 


3rd edition. 
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EV.) ANALYSIS 


feeeeine BASIC MODEL 


mmreecesults for this Simulation model were consiccred to 


be stationary in time after a period of two months. The 
average number of requisitions in process at NSC San Diecgo 
at any time is the most important criter:i for measuring this 


stability or steady state of the system. After the simulation 
had run two months, the hypothesis that tine average pipeline 
(requisitions in process) was the same as the average value 

of the third through sixth months of the simulation was 
acceptable. Acceptance was based on a t-test with a critical 
level of .05. A time period of six months was used to ensure 
steady state conditions not only in the basic model ciscussed 
herein but also for each of the variations of the basic model 
that were analyzed. Total throughput time was also relatively 
stable throughout the six months. The mean total througnput 
time was obtained for each of months one through seven. The 
coefficient of variation of these mean values over the latter 
Six months was found to be less than 33%. 

Each computer run consisted of simulating for one month, 
resetting the model and simulating for a total of six months. 
The model would otherwise have been "empty" of demands when 
it was first started, and the reset allows the simulation to 
Continue with a pipeline of demands in process at the Supply 


Center. 
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The steady state results for the basic model are pre- 
Pemeca in the computer output section. The throughput time 
for each issue priority group was compared with current 
UMMIPS standards. The standards used are two days for IPGl, 
three cays for IPG2, and 11 days for IPG3. These are the 
standards of Ref. 8 for issuing point of entry requests and 
were used in the model for issuing the autodin requests also. 
The results of the comparison are shown in the issue process- 
ing analysis of the NAVSUP FORM 1144 in the computer output. 
The IPG1 and IPG3 material are more than meeting the time 
standards as 100% and 99% respectively are being shipped on 
time. The problem area is with the IPG2 material in that 
only 63% is shown as shipped on time. 

Additional information to assist in this analysis is 
given in the summary data on NSC San Diego work centers. 

This breakdown of the total system throughput time reveals 
that the two largest delays are at the Centrai Processing 
Unit - where both issue priority groups 2 and 3 are lotted 
together daily - and at the transportation staging area. The 
CPU delay time is not only a measure of the active process- 
ing time but also the time the requisition waits in data 
processing before lotting and the time after lotting until 
the requisition is delivered to picking the next morning. 
Weekends are also charged against the CPU delay time to 
account for the delay of Friday night's picking tickets 
waiting until Monday morning before going to the picking 


area. This average CPU delay time is accurate for the 


25 





lotted material (IPG2 and IPG3). It does not include 
either the processed IPG] and walkthrough requisitions or 
the requisitions input to the CPU for material not availabie. 
mae distribution of total throughput aoe was verified 
Bempe a normal distribution by a Chi Square Ccodness of Pit 
Test. The analysis of throughput time section then shows 
ome, 95 normal percentile of all issue priority grcup 3 
transactions as issued within 6.09 days ~- weil within the 
time standard of 11 days and approximately only one-half dav 
longer than for the 95 percentile of issue priority group 2 
transactions which have a standard of 3 days. 

ine greatest single contributor to "throughput time” is 
the planned delay in the transportation stacing area (i.e., 
Material awaiting local transportation). Approximately 45% 
Of the total “throughput time" for material in IPG2 and IPG3 
was expended in this staging delay. 

Once material reaches the staging area, it is delivered 
Sapa first-in, first-out basis, with no priority given to 
IPG2 over IPG3. Some material waits there up to 5 days. Thus, 
the inability to differentiate between IPG2 and IPG3 material 
in staging contributes to the close correlation of the time 
to issue the 95 percentile for these two issue groups. This 
is to the advantage of the IPG3 material but certainly is 
detrimental to the IPG2 material meeting its time standards. 

The tables in the GPSS erendard statistical printout 
present a comprehensive source of analytical information and 


are the basis for the graphs shown in the output. To 
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@eealitate use of the tables, their definitions are given in 


Appendix E. 


B. INCREASING/DECREASING THE DEMAND INPUT 

The input parameter, the monthly material requests for 
standard stock items (MRSS), was varied to consider the affect 
this parameter has on total throughput time, Increases and 
decreases of 10%, 20%, and 30% of the standard model's input 
of MRSS=113,500 were Saorasteh ee Heela The variation of the 
average time to process a Supply request (i.e., from receipt 
to issue) with the material issues per month is depicted in 
Figure 1. In general, the change in MRSS input had very 
little effect on the NAVSUP FORM 1144 Issue Processing Analy- 
sis section reflecting the percentages issued on time. In the 
case of the lowest input, MRSS-30%, the percentage of IPG2s 
shipped on time increased by less than 2% over the base case. 

The only case where prescriptive action was taken con- 
currently with a change in input was the MRSS+30% case. In 
view of the recognizable local transportation problem, a 
nominal 25% increase in truck drivers was made in order to 
avoid an excessive build-up Suerediictelons —stllilj an process = 
meeting transportation but still in the pipeline at the 
Center - in the simulation. The optimal vehicle scheduling 
policy used currently by NSC San Diego can adequately handle 
an increase of 10% or 20% in demand workload. For these two 
increases, the percentages of material shipped on time remained 
the same. The time to issue the 95 percentile of material 


available and the staging area transportation delay time 


out 
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increased as expected with the zncrezses in demand input. 
The increases in the 95 percentile of issues with the 
material issues per montn is shown in Figure 2. However, an 
increase of 30% resuits in 94,000 issues each month which 
would surpass the current iccal delivery capability. In 
addition, a 33% increase in the demand exception workforce 
and an 8% increase in the number of packers at the Broadway 
Compound were made in view of the already high utilization 
rates at these facilities. Thus, these manpower increases 
enabled the MRSS+30% case to maintain essentially the same 
percentage levels of transactions shipped on time as in the 
base case. The increase in size of the number of requisitions 
in process - in the pipeline - with the increase in monthly 
issues is shown in Figure 3. 

As the demand input was increased, the utilization rates 
and throughput time at each work station increased signifi- 
cantly also. For the MRSS+20% case, the average increase in 
utilization was 16%, The highest increases were 20% at both 
mee Broadway. Compound packing facility and at the customer 
Peevices demand exception facility. Figure 4 depicts the 
increase in throughput time at the Broacway packing work 


station as the utilization of the packers increases. 


moe VARYING THE INPUT DISTRIBUTION 
To consider the affect of varying the distribution of 
daily input for a typical workday, the uniform distribution 


used in the base case.was modified. In its place an empirical 
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G@estribution of demands at NSC Newport [Ref. 1] was used. This 
distribution was used for all issue pricrity groups. Total 
average throughput time per transaction increased about four 


mmc above the base case. The difference crosexved was 


due to the high morning rate of inpur with the Newport dis- 


memeutiOon which buiit up a large packlw_ 3: the customer 
service editing facility. This increased tne delay time in 
the customer services division by aimost four hours. The 


utilization percentage in editing remained the same in this 
case compared to the base case Gue to the lower afternoon 


demand rate. 


feeakrFO VERSUS FIFO IN THE STAGING AREA 

The base case was compared wWitn First-in - First-out 
(FIFO) versus Last-in - Firstout (LIFO) delivery service from 
the staging area. The average delay time in the staging area 
was the same, and thus is independent of the order of delivery 
service. There was no significant change in the rercentage 


Of 1PG2 and IPG3 transactions shipped on time. 


E. AN INCREASE IN THE LOCAL TRANSPORTATION DELIVERY CAPABILITY 
This run considered a variation in the local delivery 

schedule from the existing priority delivery schedule whereby 

daily deliveries for each delivery zone were made. The aver- 

age total throughput time decreased to 2.65 days compared 

with 2.80 days for the base case. An improvement of 5% in the 

number of issue priority group two transactions shipped on 


time was observed--from 63% to 68%. The average delay in 
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the transportation staging area was reduced 13% compared 


to the base case. 


fae twoO SHIFT OPERATION WITH DAILY LOCAL DELIVERIES 

A two shift operation with daily local deliveries resulted 
in a Slight change in the average throughput time (2.49 days) 
compared to the previously discussed case of one shift 
operations with daily deliveries (2.65). The percentage 
of issue group two transactions shipped on time increased by 
only one percentage to 69%. The total personnel resources 
at each work station were held at the same level as in the 


base case. 


G. SIX DAY WORK WEEK 

A six day work week was considered while maintaining the 
same personnel resources as in the basic model with no over- 
time. Local transportation provided daily deliveries to each 
zone. This provides a solution to the problem of issuing the 
95 Pee centile Gta Gz Seranoactions on time as 9385 were 
shipped within the UMMIPS standards. The average throughput 
time per transaction was 1.45 days. The average delay in 
the transportation staging area was only 10.18 hours. The 
Sixth day, Saturday, waS used to process and ship IPG2 
Material. The work week was split so that personnel working 


Saturday had a weekday off. The model did not consider 


Possible additional supervisory personnel required for a six- 
day week, nor did it consider that customers may not be 


Seetbable to accept materials on Saturdays. The sixth day 


/ 
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Of processing transactions allowed both the material normally 
held over the weekend in the packing queue Friday afternoon 
and the IPG2 material lotted Friday night to be processed 

for issue by Saturday aaron. This enabies the backlogd 


atc... Mondaay morn- 


M 


in the system to be comparatively smai.i. by 
ing when the heavy demand input begins agein. The average 
number of supply requests in process ‘:*tt..n che system de- 
creased from 7055 for tne base Case ce fbos. 

One of the most significant reasorv:. for the delay in 
IPG2 material is the waiting that occurs over the weekend. 
Requests for IPG2 material which arrive on a Friday will not 
be "picked" until the following Monday end conceivably not 
delivered until later in the week. Consideration was given 
to providing priority transportation te locally delivered 
IPG2 material. However, due to the weekend delays, the 
authors feel that no significant imorovement would occur 


in IPG2 throughput time. 
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V. SUMMARY 


"Throughput time“ or issue processing time has been used 
Byethis study as the measure of the worth of the Supply System 
at the Naval Supply Center, San Diego. 

Standards for "throughput time" were provided by OPNAV 
Instruction 4614.1D, Uniform Material Movement and Issue 
Priority System (UMMIPS), 22 June 1971. As applied to this 
study, issue of 95% of supplies within UMMIPS time standards 
was considered satisfactory. 

An analysis of the model indicated that, under simulated 
operating ccnditions and management policies, material in 
IPGl and IPG3 are being "Shipped on time." However, only 63% 
of the material in IPG2 is being processed in less than the 
3.0 calendar days required by UMMIPS. 

The greatest single contributor to "threughput time" was 
the active (programmed) waiting time in the transportation 
mmeng area (i.e., material awaiting local transportation) . 
Sos imately 45% of the total “throughput time" for material in 
IPG2 and IPG3 was expended in this staging delay. 

Once material reaches the staging area, it is delivered 
Sem tixrst-in, first-out basis, with no priority given to 
IPG2 over IPG3. While this is a satisfactory arrangement for 
IPG3 material, IPG2 material may be delayed in staging for 
three to five days. 

The model was exercised to determine if an improvement 


could be made in the issue processing time of material in IPG2. 
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Senmatraining the model with existing resources (1.e., no 
increase in personnel or paid overtime), the simulation in- 
Gmeated that 98% of material in IPGZ could be issued in 3.0 


a} 
ne 


Meeeeeor less by (1) daily deliveries to ali local deliverv 
Zones vice the current policy of two celiveries per week to 
a zone, and (2) process and ship IPG2 material on Saturdays. 
The model was further exercised to cetermine tne effects 
of an increased workload at the Supply Center (i.e., an in- 
creased number of material requests). Zov1tlenecks begin to 
fmmeee OCCULT in the Broadway packing o»veration and the customer 
service demand exception unit. As the material requests 


further increased, the total “throughput time" was extremely 
sensitive to the number of drivers available to make local 
deliveries (i.e., “old" material began to back up in staging). 

Utilization rate was another output of this mcedel. 
Utilization rate is defined as the percentage of time non- 
consumable resources (1.e., direct labor) are actually coing 
‘productive work. The model revealed that @ high utilization 
rate is not necessarily desirable. For example, a 10% in- 
crease in the utilization rate in the Broadway packing 
Operation caused the throughput time to double. In general, 
increasing utilization will result in a higner throughput 
time. 

Finally, it is important to note that material is being 
processed efficiently and effectively from the receipt of the 


Material request through the system to the packing operation. 


A modern, efficient system has been designed to perform 
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this function. However, when the material leaves packing, 
the system appears to break down. Much of the time gained 
through the Automated Material Handling System is lost in 
the transportation staging area. As one transportation 
supervisor aptly noted, “It's like a five-million dollar dog 


ween a two-bit tail." 
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APPENDIX A. Block Diagram of Flow for Processing 
Transactions for Material Available 
at Naval Supply Center, San Dieae 
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APPENDIX B 


es ineeeonmoewrarameters to the Basic Model 

Monthly Requests for Standard Stock (variable MRSS). 

The average total monthly input of requests for standard 
stock mavera Ls Roe 

met DProcessing time (variable EDITP). The time to edit 
one incoming requisition in customer services. Computed 
from Ref. 3 as line 3 less autodin requests divided by 
average monthly man hours. 

Demand exception/warehouse refusal processing time 
(variable DEWRP). This is the DIMES standard for one 
worker to process one transaction that has been returned 
to customer services. Ref. 4. 

Punch processing time (variable PUNP). The time to key- 
punch and verify one document on the IBM 029/026/870 

in customer services or to keypunch and verify one 1348 
document in data processing. Ref. 4. 

Pick processing times (function FPIC]l). These are the 
DIMES work unit standards for picking an individual item 
of material depending upon whether it is classified as 
Pewee worehotline bin/bulk at either National City 
or Broadway Compound. Ref. 4. 

Transaction designation as to type to be picked 
(functions 12 and 14). These functions designate the 


percentages of line item requests that are bin, bulk, 


hotline bin/bulk items based upon the percentages of 
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ol. 


a2 


oe 


DIMES standard daily work hours for each type. 

Ref. 4. 

Pack processing times (function PACF1). These are 

DIMES standard times for packs converted to times for 
individual items corresponding to whether the item 

would be part of a light pack, as-received (A/R) light 
pack, rough pack, heavy pack, A/R heavy pack, or parcel 
post pack at both National City and Broadway. Ref. 4. 
Transaction designation as to the type of pack recuired 
(function ll). These percentages were determined from 
DIMES standards for each type of pack occurring. Ref. 4. 
Mark processing times (function MKFi). These are DIMES 
standard times for marking packs converted to times for 
Marking individual items at botn National City and 
Broadway. Ref. 4. 

Nemo workers editing (storage EDIT). This is the 
number of workers engaged full time in editing incoming 
Bedeorti1Ons. This Ccurrentlyjis one worker auring the 
day shift and the night worker handling hein piretor. Ly 
requisitions. 

No. of workers processing demand exceptions and warehouse 
refusals (storage DEWR). This currentiy is three workers. 
No. of keypunches available in customer services (storage 
PUNCH). This is currently two machines. 

No. of workers punching issue priority group three DD1348 
requisitions in data processing (storage DAPR). This 


was computed using the DIMES standard daily hours 
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Loe 


Lise 


17. 


Wise 


LUGE 
20. 


BL. 


22 . 


utilized in keypunching and verifying these requisitions 
Seem or Cheweota!’ Standald Caily work unit hours. Ref. 4. 
No. of workers picking material at Broadway and National 
Oamey (StoOrages PICK ana NrEC}). Ref. 4. 

No. of workers packaging Mamie i aL atescbOocaway and 
National City (storages PACK and NPAC). Ref. 4. 

No. of workers marking material at Broadway and National 
City (storages MARK and NMAR). Ref. 4. 

No. of drivers available for local delivery of material 
(variable DRIVE) . Repeet 7 « 

Peeoain wnput (varzable AUTOI). This is that portion, 
expressed in parts per thousand, of the total average 
monthly requests for standard stock input that is not 
Peomt Of Entry input. Ref. 3. 

Gross Availiability (variabie GROSS). Ref. 3. 

Prepunched customer input (variable PREP). MThis is 

Miata POLtlOn, expressed in parts per thousand, of 
peeomereinput DbI348's that ere received prepunched at 
customer. services. Refs. 5, 6. 

Demand exception input (variable DEEX). This is that 
portion, expressed in parts per thousand, of the input 
to the CPU in data processing that result in being 
returned later to customer services as a demand exception 


Or warehouse refusal. Ref. 5. 
Pe -UNeCelonmewoich assigns transactions to lots (function 


GENF2). This function assigns a lot number to each 
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id. 


transaction in accordance with the total percentages 
Pant ssue PrVOnlty Group. Ref. 5. 

A function which designates material in the staging 
area to the correct delivery zone (function STAFI1). 
This function was calculated by converting the data on 
the distribution of material by pallets to the ten 


delivery zones. Ref. 7. 
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APPENDIX C 
Input Parameters Required for Verification of the Model 


The following parameters are reaquirec for input to the 

model verification test: 

Gee Material requests for stancc xm Stock items, during 
testing period, 

(2) Issues of standard stcck :tems Guring testing period 

(3) Number of customer requests received on pre-punched 
DD Form 1348m cards during testing period. 

(4) Number of demand exceptions and warehouse refusals 
Sy eee  PemanGgwExXcepeton Unit during the testing 
period. 

(5) Number of customer requests received via AUTODIN 
during testing period. 

(6) Issues of standard stock items from the National 
CheyeAnmex during reporting period. 

(7) Issues of standard stock items from Broadway during 
Beer eng period. 

(8) Number of direct labor personnel assigned to the 
following work centers: 

(a) Demand Exception Unit 
(b) Broadway Picking 
(Gy Natienal City Picking 
(d) Broadway Packing 


(e) National City Packing 
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(£) Transportation - average number of drivers 
Wem 7eameom local transportation during testing 


period. 
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BEPENDIA D 


eee 


Nomi Cemitcrs In the Sitmaemeron Mooel 


bos Center =Table 
Customer Service Editing par 
Demand Exception Unit DEWR 
Customer Service Key~-Punch PUNCH 
Data Processing Key-Punch DPPUN 
Central Processing Unit CEU 
Broadway Picking Operation PEoK 
Broadway Packing Operation Pek 
Broadway Marking Operation MARK 
National City Picking Operation NPIC 
National City Packing Operation NPAC 
National City Marking Operation NMAR 
Transportation Staging Area STAGE 


a miese dre the acne of the delay time tables found in 
the modem S Standard Statistical cutput. These tables 
provide frequency distribution of queue waiting times. 
Since processing time is almost negligible when compared 
to waiting time, these tables provide good approximations to 


work center throughput time. 
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APPENDIX E 


weernition Of Tables im GPSS Standard Statistical Output 


Table De finition 

ARRIV Frequency distribution of 
the day 

CPU Frequency distribution of 
delay time 

DEWR Baeguency Gr~stribution of 


ing delay time 


DPPUN Frequency distribution of 
delay time 

EDIT Frequency distribution of 

FRI Frequency distribution of 

IGP1l Frequency distribution of 
put time 

IGP2 Frequency distribution of 
put time 

IGP 3 Bremueney distribution of 
put time 

MARK Frequency ‘distribution of 

MON Frequency GalGye1en' |e) biealveyg! yione 

NMAR Frequency distribution of 
delay time 

NPAC Frequency distribution of 
delay time 

NPIC Frequency distribution of 
delay time 

PACK Frequency distribution of 

Puck Frequency distribution of 

PUNCH Frequency distribution of 
delay time 
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demand arrivals throughout 
central processing unit 
demand exception process- 
data processing keypunch 


editing delay time 
total demands on a Friday 


IGPl requisitions through- 
IGP2 requisitions through- 
IGP3 requisitions through- 


Broadway marking delay time 
total demands on a Monday 


National City marking 
National City packing 
Waelonal City picking 


Broadway packing delay time 
Broadway picking delay time 


customer services keypunch 
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WEEK 
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Deri eLom 
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Saturday 


Pescuenev. cist cibution of t 


staging area delay time 
Frequency distribution cf 
Sunday 


Frequency distribution of 


Preequency GQistribution of 
Thursday 
Frequency distribution of 
Tuesday 
Frequency distribution of 
Wednesday 


Q 
Fh 


Frequency distribution 


Frequency distribution of 
throughput time 
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PROCESS A SUPPLY REQUEST (1.5.,FRC! 
AS 2.80 BAYS 


eee etl SUPPLIES WERE ISSUED WITHIN 5.83 DAYS 
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ER CUimolS wen eR CCESStI ces .BACK-— 
Spoeverewas 1055 
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MimemeVERAGE TIME 
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DATA PROCESSING KEY-PUNCH 55% 8.07 
CENTRAL PROCESSING UNIT 29.57 
BROADWAY PICKING OPERATION 51% tage 
BROADWAY PACKING OPERATION 65% .98 
BROADWAY MARKING OPERATION 53% 230 
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NATIGNAL CITY PACKING OPERATION 35% 4 
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CUS eMakescRV ite EDITING 

jeeeeOUEUC STATISTIC Sse 

MeleeveRAGE NUMBER OF REQUISITICNS WAITING TO BE PROCESSED 

fiwte sQUEVE LENGTH) WAS rea fa 2) 

Spee AGE TIME A REQUISITION WAITED AT THIS FACILITY 

Mimeee PROCESScO WAS ped HeURS 

fer ROrPIRTICN OF TIME THAT A REQUISTTION ARRIVED AND 

Meee OSATELY PROCESSED (1.&.+NOQ WAITING TIME} WAS 54.0% 


Meme CiL ITY STATISTICS#=*= 


fie wre eR CF PERSONNEL ASSIGNED AS DIRECT LABOR TO THIS 
mame ily WAS 2 


fee OOUCT ION RATE WAS 273.3 REQUISITIONS PER MAN-HOUR 
MememeveRaAGeE UTILIZATIUN RATE CF THIS FACILITY WAS 554 
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#KEEKQUEUE STATISTIC S#%% 


Tite vERAGE NUMBER GF REQUISTTICNS WAITING TO BE PROCESSED 
Meee  GQUEUE LENGTH) WAS 50.04 

MeeeveERAGE {iMe A REQUISITICN WAITED AT THIS FACILITY 
fame PROCESSED WAS Be 5 ( meres 

ieeeeePeRTICN JF Tie THAT A PEQUISITICN ARRIVED AND 

Mreite DIATELY PROCESSED (I.4E-+.NG WAITING TIME) WAS 4258 


SeemeeenCititY STATISTICS **=x 


Siero eeR OF PERSONNEL ASSIGNES At DIRECT LABOR TO THIS 
meme LitTY WAS 3 


fier eeOUCTICN RATE WAS 24.9 PEQUISITIONS PER MAN-HOUR 
Meme vy ERAGE UTILIZATION RATE OF THIS FACILITY WAS 662 
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[eeeveR AGE NUMBER OF REQUISITIONS WAITING TO BE PROCESSED 
fees JUEUE LENGTH) WAS B65 42 


Meee vERAGE TIME A REQUISITION WAITED AT THIS FACILITY 
feet PRCCESSED WA HOURS 


S 
Meee SOPCRIT ION OF T 
MmePeOi ATELY PROCESS 


D AND 
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Wie WA WAS 54.424 
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eee PACILITY STATISTICS**** 


Merve Me eR OF PERSONNEL ASSIGNED AS DIRECT LABCR TQ THIS 
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fmemeverRAGE UTILIZATICN RATE OF THIS FACILITY WAS 52% 
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Pe ee Clee oi Nor ue AND VERIFICATION 
pees UEUE STATISTI CS**=* 
Meee vye RAGE NUMBER OF REQUIST TIONS WATTING TO BE PROCESSED 
MeereQUEYUE LENGTHIPWAS 4)2.45 
Mapeeevern AGE TIME A REQUISITION WAIVY_ AY = HIS FACILITY 
BROCESSED WAS 8-07 HOURS 
Seer cer ORTION OF TifMe THAT A REGtl..  ". ARRIVED AND 
Mere DPATELY PROCESSED (1.6 -sNG Keil: vee) WAS 8.5% 


wRKKEACTLITY STATISTICS*&%% 


See CF PERSONNEL ASSIGNEG AS DIREC? LABOR TO THIS 
meee e ITY WAS 4 


Sree eCUCTION RATE WAS 104.6 REQUISITIONS PER MAN-HOUR 
Seamer ERAGE UTILIZATION RATE Or THIS FAC TY WAS 552 


-— 
za 
+ 


eaeeoeee*edeegee@eseseee*eseese@eeseseesveevweseeeoe¢ecee@we¢esseeeseeee¢eesegeee¢eese7eegcee#se?eet¢dceeeeees#e88ke8 @ 


feeeweNCY DISTRIBUTION OF DELAY TIME CWAITING TIME IN QUEUE) 


FREQUENCY(2) 
290 . 
80 . 
BO . 
AO. oe: 
20. fs ee 
0 a  iccccocccvsiuseees 
1 2 3 4 5 5 >8 


CUEVE WAITING TIME-HOURS 


61 





SPershiCcS Mee eNALYSIS #6 °°” 
BROADWAY PICKING OPERATION 
ReeEX QUEUE STATISTICS# 22 
MmeeeveERAGE NUMBER OF REQUISITIONS WAITING TO BE PROCESSED 
eee GUEUE LENGTH) WAS 127.65 
Meee eCRAGE TIME A REQUISITION WAITED AT THIS FACILITY 
Miege PRGCESSED WAS iat 2 OURS 
frost PROPORTION OF TIME THAT A REQUISITION ARRIVED AND 
Meet ATELY PROCESSED (1.5-eNO WAITING TIME} WAS 19.42 


Meee ACILITY STATISTICS Ss 


Meee beRk OF PERSONNEL ASSIGNED AS DIRECT LABOR TO THIS 
MeetLilY WAS 34 


MigeameeRODUCTION RATE WAS eee Uist teNS PEK MAN-HOUR 
Mem veRAGE UTILIZATION RATE OF THIS FACILITY WAS 512 
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Neem, PICKING OPSRATIAIN 

Seeeeoeye: STATISTICS s#= 

eee vy ERAGE NUMBER OF REQUISITIONS WAITING TO SE PROCESSED 

(I12E.e-QUEUE LENGTH) WAS 32 e0> 

Meme vERAGE TIME A REQUISITION WAITED at THIS FACILITY 

Seeeoe PROCESSED WAS e4J) HOURS 

meee PORT TON OF TIME THAT A REQUIS_T ON ARRIVED AND 

mmerererctl Y PROCESSED (1.E-sNO WAITING Tihl} WAS 39.82 


Bere eACILITY STATISTICS#=> 


MmeevereeR OF PERSONNEL ASSIGNED AS DiRecCTt LABOR TO THIS 
meerei1!Y WAS 26 


See sODUCTICN RATE WAS Seon hao Wesson ca ANH OUR 
Mame VCRAGE UTILIZATION RATE OF THIS FACILITY WAS 494 
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BROACWAY PACKING OPERATION 

*HEXQUEUE STATI STICS#*#% 

THE AVERAGE NUMBER OF REQUISLTIONS WAITING TO BE PROCESSED 

(I1.£&..GUEUE LENGTH) WAS 69.29 

THE AVERAGE TIME A REQUISITION WAITED AT THIS FACILITY 

TO BE PROCESSED WAS 298 HOURS 

THE PROPCRTION OF TIME THAT A REQUISITION ARRIVED AND 

IMMEDIATELY PROCESSED (I1.£..NQ WAITING TIME) WAS 8.42 


SeeeeeCILITY STATISTICS*#*<= 


[eee eR OF PERSONNEL ASSIGNED AS DIRECT LABOR TO THIS 
feel tY WAS 13 


eee rRODUCTION RATE WAS 22.7 REQUISITIONS PER MAN-HCUR 
Meee veERAGE UTILIZATICN RATE OF THIS FACILITY WAS 65% 
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STATISTICS AND ANALYSIS 
NATIONAL CITY PACKING OPERATION 
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Seer QUEVYE STATI STICS®**+* 


Timea yeRAGE NUMBERROF REQUISITICNS WAITING TO BE PROCESSED 
Mies QUEUE LENGTH) WAS De 56 

Maemo veRAGE TIME A REQUISITION WAITED AT THIS FACILITY 

mie oe PROCESSED WAS e2% HOURS 

Maemo OPERTICN OF FIME THAT A REQUISITION ARRIVED AND 
MepreM li ATELY PRECESSED (Ilet.sNCQ WAITING TIME) WAS 55.02 


REREEACILITY STATISTICS# #24 


Miso PER OCF PERSCNNEL ASSIGNED AS DIRECT LABOR TO THIS 
BecCILITy wAs 11 


fae PRODUCTION RATE WAS 8<2 REQUISITIONS PER MAN—HOUR 
Meee ven AGE UTILIZATICN RATE GF FHIS FACILITY WAS 352 
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Meme) CCC STISTICS AND ANALYSIS “"""""* "CT ttre 
BROACWAY MARKING OPERATION 


*KELOUEUE STATISTIC Sete" 

THE AVERAGE NUMSER UF REQUISITIONS WAITING TO BE PROCESSED 
(12£.,QUEUE LENGTH} WAS 21.31 

THE AVERAGE TIME A REQUISITICN WAITED AT THIS FACILITY 

TO BE PROCESSED WAS «39 HOURS 

THE PRCPCRTION OF TIME THAT A REQUISITION ARRIVED AND 
IMMEDIATELY PROCESSED (12£..NO WAITING TIME) WAS 43.32 


SeeetaCILI TY STATISTI CS*=7= 


foment PER OF PERSONNEL ASSIGNED AS DIRECT LABOR TO THIS 
Meer el ly wAS 3 


memes OcCUCT ICN RATE WAS G8B.7 REQUISITIONS PER MAN-HOUR 
Merve RAGE UTILIZATION RATE CF THIS FACILITY WAS 532% 
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NATIONAL CITY MARKING OPERATION 
sKE QUEUE STATISTIC S¥% 
THE AVERAGE NUMBER OF REQUISITIONS WAITING TO BE PROCESSED 
(1.£..QUEUE LENGTH) WAS 14.66 
THE AVERAGE TIME A REQUISITION WAITED AT THIS FACILITY 
TO BE PRCCESSED WAS 267 HOURS 
THE PROPCGRTION OF TIME THAT A REQUISITION ARRIVED AND 
IMMEDIATELY PROCESSED (1.&.,NC WAITING TIME) WAS 16.9% 


Ae EACTLITY STATISTICS *#3%% 


[eee nmecR OF PERSONNEL ASSIGNED AS DIRECT LABCR TG THIS 
FACILITY WAS 4 


Somer eOODUCTION RATE WAS 22.7 REQUISITIONS PER MAN-HOUR 
Meee VERAGE UTILIZATION RATE OF THIS FACILITY WAS 57% 
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